SECTION XXIII COLLOID CHEMISTRY
BY JEROME ALEXANDER1
Colloid chemistry deals with the properties and behavior of matter in a certain very fine state of subdivision or dispersion, known as the colloidal condition. There are no sharp limitations to the size of colloidal particles; they cover a zone which begins with dimensions somewhat smaller than a wave length of light, and extends downward into the dimensions commonly ascribed to molecules.
The laws of "universal gravitation" do not hold for particles of matter in extremely close proximity. We have but to mention cohesion, adhesion, capillarity, adsorption, and chemical attraction, to call to mind the wide range of practical every-day variations from Newton's law. Molecular attraction necessitated the introduction by van der Waals of the variable a in his well-known gas equation2:
With the increasing subdivision of matter into smaller and still smaller particles we begin to enter the zone' wherein "molecular" or "physical" forces begin to play an increasingly important part, until they finally become dominant. If the subdivision is profound enough, chemical combination may result. In fact before substances can react chemically, their particles must first be brought into close proximity by solution, fusion, ionization, or even pressure, as was shown by W. Spring, who caused dry powders to unite chemically by extremely high pressures.
No sharp line can, therefore, be drawn between physical and chemical forces; for they seem to blend into each other over the colloidal zone, and to exhibit differences in degree and modification, rather than in lack of common origin. In fact it is readily conceivable that such forces may result from the same ultimate cause as gravitation itself, modified when the structure and motion of the particles cease to be negligible infinitesimals with reference to the distance between the particles. Sir William Thompson has indeed expressed the opinion3 that it is possible that the phenomena of cohesion and others which are ordinarily ascribed to a departure, at small distances, from the law of gravitation, may not be inconsistent with it.
Coarse powders or suspensions, on the other hand, upon increasing subdivision, pass by insensible gradations into the colloidal zone. About 1827, the English biologist Robert Brown observed that particles approaching in size the limit of microscopic resolvability, O.I//, exhibit an oscillatory movement about a mean position, known as the Brownian motion. With the aid of the ultramicroscope, which brings into visibility particles as small as 5//ju, it can be seen that as the particles become still smaller than 0.1/i, their motion increases enormously in both speed and amplitude, until they exhibit a rapid free-path motion which calculation shows to be a visual,
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2 This equation is intended to care for the departures from Boyle's law for gas.    The constants a and b for some of the more common gases are given on p. 190.
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